Abstract. Breaking out of fire in the power line protection area will endanger the electric transmission line, so fire prevention is one of the important contents in the daily maintenance of the transmission line. This paper put forward a method to assess the risk of line caused by fire. The method evaluates the fire hazards by a mathematical model, which providing the reference to eliminate the hidden danger. Through the concise data, the investigation scope will be reduced and the quality of special patrol will be improved.
Introduction
The energy distribution in China is unbalanced, so it demands to develop EHV and UHV transmission line, which can transmit the power to the load center from remote places with less energy loss. Because the transmission line corridor is insufficient, many lines go over the lush mountains. It is possible to cause a fire disaster when the weather is dry, which may make a trip and bring great difficulties to us. There are a lot of assessment methods for natural disasters at present, but the assessment method of fire risk to the transmission line is still need to be improved. Through the risk assessment, we can not only distinguish the hidden danger clearly, but also reduce the scope of the investigation and improve the quality of inspection.
Influence of Fire on Transmission Line
There is a large scale of transmission line currently, whose DC voltage level is as high as ±800kV while AC voltage level is 1000kV. The impact of line trip on the grid is increasing while the voltage level gets higher. When the fire disaster occurs in the line protection area, the external insulation strength of the transmission line is reduced, and the breakdown voltage becomes lower. The reduced insulation strength will have serious risks to the grid. Domestic scholars have made high voltage test and found that when the fire occurred below the line, the phase voltage and the line voltage will not change, while the nature of the surrounding air, such as density, temperature, humidity, charged particles, will change [1, 2] . Firstly, the fire causes the temperature of the surrounding gas to rise, which will reduce the density of the air; secondly, the upper smoke will bring a lot of charged particles around the lines and distort the electric field [3] . The factors above will reduce the insulation strength and breakdown voltage. What's more, the interphase short circuit or short circle to earth caused by the fire disaster will last long time and the closure can hardly reclose, leading to serious consequences.
The Common Hidden Danger
Dry weather, fuel and source of ignition are three necessary conditions for the occurrence of fire disaster. There are some climate conditions apt to fire such as drought, high temperature, and strong wind. The long term drought and high temperature weather will promote evaporation, so that the dry branches and fallen leaves on the ground will loss water and become easy to ignite. The wind can accelerate the evaporation of water and promote the spread of the fire.
In mountains, there is an abundance of lush vegetation and many fallen leaves on the ground. They will burn easily when the weather is dry and expand fast [3] , which bring difficulty to the fire fighting work. What's more , mountainous terrain is complex, steep slope of the place is likely to lead the fire to stretch up with heat waves.
Human activities are one of the major factors of forest fires. Farmers will make the soil fertile through burning the leaves and straw. Ancestor worship is a custom on the winter solstice and Tomb-sweeping Day, people will burn incense and imitation paper money in the period. In the villages, some children play with fire with no adults look after. The cigarette butts are littered in the field with spark. The examples above are the potential risk of fire.
Mathematical Model for Fire Risk Assessment
When the fire spread below the transmission line, the breakdown probability of transmission line is close to the mathematical expression (1).
The u represent the actual operating voltage, and the U is breakdown voltage of 50%, the  is zU. The z in zU is the coefficient of variation, and can be taken as 4% in the condition of fire below the transmission lines. According to West's theory of long gap insulation, the breakdown voltage is proportional to the air pressure and inversely proportional to the temperature [4] .
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The U t in mathematical expression (2) is the actual breakdown voltage; U s is the breakdown voltage at the standard atmospheric pressure; P is the unit pressure of mercury height; T is the temperature. The density of the air around the fireplace and the charged particles will change, so the U is need to be multiplied by the correction factor K m .
In addition, whether the fire can occur and whether it will spread to the line protection area is also a probability event. There are many factors affecting the fire, such as air humidity, temperature, wind direction and speed, landform and topography, the distribution of vegetation. The different initial fireplace will lead the fire range to cover different sections of transmission line. In addition, the local government's efforts of fire control and safety awareness of residents will also affect the probability of fire hazard.
In conclusion, the situations above can be divided into five categories respectively: man-made fire possibility C(i), other fire possibility O(i), climatic conditions W(i), safety awareness S(i), geographical environment G(i). The mathematical expression is as follows.
The R (i) is the initial risk of section i without considering safety awareness and other fire possibility, P li is the probability of transmission line fault caused by fire. P(A) indicates the probability of fire spread to the line protection area. Climatic conditions W(i) can refer to the forest fire danger forecast and G(i) is mainly based on the anylysis of fire spread theory. According to the national forest fire danger weather grade LY/T 1172-95 and the forest fire danger meteorological grade standard, the fire danger grade is divided into 5 grades [3] , its probability as shown in the table 1. If the length of electric transmission line to hazard assessment located in the range of fire is L, then l(i) is the length corresponding to R(i).
The influence to the power lines is different because the situation of fire is various [5] , it is necessary to give the numerical simulation of the fire risk. The formula (1) only takes the common factors into account and ignores other important factors such as safety awareness, so it needs to be corrected with modifying factors. Therefore, the risk of section i and the line fault probability of line L caused by fire can be expressed as mathematical formula (7) and (8).
Through the above theoretical analysis, we can find that there is a certain correlation between the probability of fire occurrence and the risk of fire to the transmission line, and there are also differences. The above analysis can be expressed in flow chart 1: 1) Identify the regional terrain, weather conditions, fire factors.
2) Estimate the probability of fire occurrence in section i by formula 1.
3) Calculate the fire hazard to the line i, and evaluate the influence to transmission line when the fire occurred in section i. 4) To evaluate the hidden fire danger to the line L comprehensively.
Estimate the probability of occurrence of fire in the section i preliminarily Initialize parameters (weather conditions, geographical environment, fire source) Add probability correction factors, such as safety awareness
Calculate the fire hazard to the line i
Evaluate the influence to transmission line when the fire occurred in section i
Evaluate the hidden fire danger to the line L comprehensively Figure 1 . Process of evaluate the hidden fire danger to the line.
Conclusions
The paper introduces the influence and harm of fire on transmission line, and analyzes the hidden danger of fire and the factors causing fire. Compared with other methods, this mathematical model not only considers the weather conditions and geographical factors, but also considers fire safety awareness and other correction parameters, which is more close to the actual. It can reduce the risk by improving local residents awareness of safety and giving acknowledge that how to protect power facilities. In addition, to improve the line maintenance standards, clean up the line protection areas such as fallen leaves, straw and other flammable substances can also reduce the risk. Through the mathematical model, the data can be calculated, and the risk can be more accurately grasped. It is possible to provide the reference for the fire inspection through finding out high risk areas. At the end of this paper, the flow chart gives a visual representation of fire hazard assessment process, and describes the parameters and the calculation methods. Through the evaluation and calculation, inspection to the high hidden danger area should be strengthened, ensuring the safe operation of the line.
